Technology individuation: The foibles of augmented everyday objects by Ambe, Aloha May et al.
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Ambe, Aloha Hufana, Brereton, Margot, Soro, Alessandro, & Roe, Paul
(2017)
Technology individuation: The foibles of augmented everyday objects. In
ACM CHI Conference on Human Factors in Computing Systems, May 6-
11, 2017, Denver, Colorado, USA.
This file was downloaded from: https://eprints.qut.edu.au/104086/
c© Copyright is held by the owner/author(s). Publication rights li-
censed to ACM. Copyright c© 2017 by the Association for Computing
Machinery, Inc. (ACM).
Permission to make digital or hard copies of portions of this work for personal or classroom
use is granted without fee provided that copies are not made or distributed for profit or
commercial advantage and that copies bear this notice and the full citation on the first
page. Copyright for components of this work owned by others than ACM must be honored.
Abstracting with credit is permitted. To copy otherwise, to republish, to post on servers or
to redistribute to lists, requires prior specific permission and/or a fee. Request permission
to republish from: permissions@acm.org or Fax +1 (212) 869-0481.
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
https://doi.org/10.1145/3025453.3025770
  
Technology Individuation: 
The Foibles of Augmented Everyday Objects 
Aloha Hufana Ambe Margot Brereton Alessandro Soro Paul Roe 
Queensland University of Technology (QUT) 
Brisbane (QLD) Australia 
{a.ambe, m.brereton, a.soro, p.roe}@qut.edu.au 
 
ABSTRACT  
This paper presents the concept of technology individuation 
and explores its role in design. Individuation expresses 
how, over time, a technology becomes personal and 
intimate, unique in purpose, orchestrated in place, and how 
people eventually come to rely on it to sustain connection 
with others. We articulate this concept as a critical vantage 
point for designing augmented everyday objects and the 
Internet of Things. Individuation foregrounds aspects of 
habituation, routines and arrangements that through 
everyday practices reveal unique meaning, reflect self-
identity and support agency. 
The concept is illustrated through three long term case 
studies of technology in use, involving tangible and 
embodied interaction with devices that afford 
communication, monitoring, and awareness in the home 
setting. The cases are analysed using Hornecker and Buur’s 
Tangible Interaction Framework. We further extend upon 
this framework to better reveal the role played by personal 
values, history of use, and arrangements, as they develop 
over time in the home setting, in shaping tangible and 
embodied interaction with individuated technologies. 
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Smart; Things; Objects; Design; Communication; 
Connection; Framework; Habituation; Situated. 
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INTRODUCTION 
“You're beautiful, but you're empty... Of course, an 
ordinary passerby would think my rose looked just like you. 
But my rose, all on her own, is more important than all of 
you together, since she's the one I've watered… Since she's 
the one I listened to when she complained, or when she 
boasted, or even sometimes when she said nothing at all. 
Since she's my rose.” ― Antoine de Saint-Exupéry, The 
Little Prince 
This paper contributes the concept of technology 
individuation to capture the phenomenon of how a person’s 
use of a technology over time leads to development of 
unique meanings, emotional valence and significance, 
which is dependent upon how well the technology meshes 
with the person’s self-identity, how fit it is for a given 
purpose, what arrangements have been made to 
accommodate it in the person’s life, and the effort and time 
spent in sustaining its usage.  
We draw an example of individuation using a well 
established technology, the car. People often personalize 
their cars [25], from the addition of simple bumper stickers 
to complex and expensive modifications to the engine, 
transmission, etc. These modifications cannot be easily 
explained in utilitarian terms, or even in terms of 
habituation (as attachments to routines and rituals). We 
argue that these modifications are part of a process that 
aims at shaping the technology to reflect one’s self-identity 
(and, correspondingly, shape one’s self-identity in response 
to the technology that one uses). Trips taken in the car 
further imbue memories in its occupants and reveal 
particular foibles of the car itself [44]. We describe this 
process as individuation, as it highlights identity, ownership 
and uniqueness.  
Objects that incorporate information technologies have 
further capability for individuation through use, through 
amendments to both software and hardware, and through 
the gathering of data or content. We articulate the concept 
of individuation in order to unpack the complexities of 
designing Internet of Things (IoT) objects, which have 
communication, monitoring and awareness capabilities. 
 
Figure 1. Technology individuation  
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Individuation extends related concepts of adoption, 
appropriation and habituation, by emphasising the 
differentiation that transforms an everyday object as it 
develops to be an extension of the self. Technology 
individuation is a continuous process through which 
technology is shaped in use over time, and shapes usage, 
arrangements and identity in return. Technology 
individuation makes the technology distinctly personal as it 
embodies personal history, emotional attachment, and time 
and effort spent in personalisation that reflects the owner’s 
identity and relations (see Figure 1).  
We illustrate the concept of individuation through two case 
studies from the literature and through one longitudinal case 
study of the usage of an augmented habituated object. We 
then frame our discussion based upon Hornecker and 
Buur’s Tangible Interaction Framework [27]. This 
framework extended the understanding and analysis of 
tangible interfaces [28,57] to social and embodied aspects 
of interaction, by examining use of tangibles in public 
spaces in short term studies.  We extend upon this work by 
examining continued usage of tangible technologies in a 
home setting. We emphasise the importance of habituation, 
routines and arrangements [6,23] that describe how people 
maintain and use objects to create and provide structure for 
their own lives and to sustain connection with others.  
In exploring how tangible interaction with augmented 
everyday objects unfolds in a home setting, building on the 
emotional value that people sometimes place on cherished 
objects and routines, we aim to contribute to the area of 
tangible and embodied interaction and the design of the 
Internet of Things. The hope is to leverage design 
opportunities to enable greater specificity, agency and 
expression. 
RELATED WORKS 
As sensing and computing devices become smaller, 
cheaper, and more power efficient, a range of new possible 
applications become feasible, by augmenting and 
interconnecting all sorts of objects to form an Internet of 
Things (IoT) [33]. Originally conceived with the goal of 
optimizing manufacturing by making products aware of 
their position in the supply chain [1] IoT research initially 
focussed on  technical challenges of connecting things 
across the internet, typically for remote monitoring or 
control [2].   
More recently however scholars are reflecting on the human 
side of the IoT, and advocating for a more ‘social’ vision to 
be pursued [31,32,40,52]. In particular, there is an emergent 
call for finding ‘the people’ in the IoT [52]. Our Things 
[18], the rituals that they enable and the value that we 
project on them, may be the key to build and help sustain 
enduring connections to distant loved ones, enable and 
support agency and creatively express ones identity. 
The relations between people and their objects can be 
unpacked in many ways. Theories of socio-material 
relations articulated in the Social Studies of Science 
[34,43,55] have demonstrated how social relations and 
objects are mutually constituted. Scholars have articulated 
specific nuances of such relations, focusing on objects as 
integral part of the everyday and our social actions [42], 
considering how ordinary objects shape and are shaped in 
turn by their users’ preferences and circumstances [13], and 
even taking the perspective of the objects themselves as a 
vantage point to understand interaction [12,20–22].  
Objects are important to us for what they enable, including 
the routines, the rituals, and the social and emotional 
context in which they take place. Our things give us illusion 
of power, give permanence to meaningful relationships and 
serve as an extension of the self [14]. Our houses, offices, 
coffee pots, guns etc. materialize the relations between us. 
We inhabit and use them and they in turn shape our 
interactions and agency.  
The more an object is personalised and used to express the 
self, the more the emotional bond with that object 
strengthens [38]. The emotional investment in an object is 
heightened when relationships are attached to it. Vaisutis et 
al [58] have discussed the role of personal things and how 
they may over time come to represent the relationship with 
loved ones, become a symbol of independence, or otherwise 
be charged with an emotional valence. Furthermore, social 
actions and everyday practices embed mundane 
arrangements, routines, and habits [37] that over time 
people come to rely upon. Routines and habits highlight the 
importance of particular objects used within them that 
support independence, agency, and connection to friends 
and services [6]. These practices give meaning to our lives, 
keep us functional [23] and they are cues that everything is 
in order [5].  
This body of previous research shows that rituals, and 
habituated objects [6] offer an invaluable opportunity for 
imagining new scenarios for the IoT, beyond sensing and 
monitoring. Augmented everyday objects could be designed 
to foster mindfulness and engagement in the interaction 
[49] and stimulate connectedness and participation with 
one’s family and the broader community. Routines and 
cherished objects have been the inspiration of several 
projects that have augmented everyday objects with 
communication capability to foster connection between 
people (e.g. [4,7,11,39,51,59]) Other studies explored the 
opportunities for interaction offered by everyday objects, 
e.g. DataSpoon [62] to monitor movements while eating,  
MugShot [29] to facilitate communication between office 
workers through their drinking mugs and BreathingFrame 
[30] photo frames that enable communication through 
breathing.  
However, how people will interact with and accept 
augmented everyday objects that sense and gather data is 
much less well understood, and there are fewer studies 
examining how augmented everyday objects and the IoT 
can be (or will be) blended into the home environment in 
  
the long run. The process through which people move from 
inspecting a novel technology to embracing it and making it 
an integral part of their own routines is the focus of studies 
on technology adoption, appropriation, and habituation.  
Adoption is the process through which users first become 
aware of a novel technology, and later embrace and start to 
use it [48]; appropriation also involves the adaptations that 
users come up with, of the practices, skills, and the place 
itself where the novel technology will be placed [50]; 
habituation extends these concepts into development of 
rituals and routines, as well as the attachment that people 
form to those routines and the objects that make them 
possible [6]. It is apparent that design continues in use 
[18,56] as new skills are developed, workarounds are 
practiced and new uses are discovered [53]. Designers 
envision the use of the technology but the users mould it 
differently [16] based on their personal history, experiences 
and needs [53]. Soro and colleagues have combined these 
concepts in a technology habituation framework [53] that 
offers an analytic lens to understand interaction with objects 
that are endowed with emotional and symbolic meaning.  
Yet, these constructs have limited reach in that they focus 
on the relationship between individuals and technology, and 
do not attempt to capture the more complex aspects that 
relate to the social and emotional context. Questions arise 
such as: how does the technology come to reflect (and 
shape) its user’s self-identity? How does the technology 
become part of its user’s rituals, and how are these rituals 
adapted to accommodate the new devices and what they 
afford? Crucially, considering people as social groups and 
emotional beings, rather than as utilitarian individuals, how 
do peoples’ mutual relationships shape (and accommodate) 
novel technology in general, and augmented objects and the 
IoT in particular? 
Several design approaches touch on these aspects but have 
not emphasised the user’s self-identification. The approach 
of Slow design [54] builds upon principles such as reveal, 
expand, reflect, engage, evolve and routines [24] to 
highlight overlooked everyday practices and capitalise on 
attachments and the daily routines for sustainable design. 
Chapman’s Experiential Framework banks on this 
emotional attachment in the hope of creating products that 
are more enduring to lessen waste [10]. Similar arguments 
were articulated within the domain of aesthetic interactions 
[35,45–47]; to bring emotions and experience to the 
foreground, and particularly before efficiency. Routines, 
emotions and experiences need to be  understood for the 
design to uniquely take shape – coupled tightly with the 
object’s instrumentality and context of use in the everyday 
[45]. One example of “expressive interaction” is Interactive 
Pillows [46], where one of a pair of pillows  lights up when 
the other is hugged. This and other analogous studies (e.g. 
[3]) redesign an existing everyday object to create a 
communication device.   
The proposed construct of Individuation aims at capturing 
these concepts by describing how a novel technology can 
eventually become endowed with unique meanings, 
emotional valence and significance because it comes to 
represent one person, as part of his/her self-identity, and in 
relation to others. 
Analytic lens 
Different analytic positions may help to deconstruct the 
idea of technology individuation. Notably, McCarthy and 
Wright ‘threads of experience’ framework [36] offers a 
sense-making process to help understand the relationship 
between people and technology by focusing on emotion and 
experience. The framework deconstructs technology 
experience in terms of (1) the sensual thread, which 
involves the body’s senses in experiencing the technology – 
its look, feel, sound, etc.; (2) the emotional thread, which is 
the worth we associate to other people and things in relation 
to our needs; (3) the compositional thread, which is being 
conscious of the connection between the part and the whole 
of the experience, seeing the big picture while being 
mindful of the details of the experience; and (4) spatio-
temporal thread of experience, which  involves an intense 
emotion that the users sense of time is altered. 
Augmented objects however build on the physicality of 
ordinary objects, their original purpose, and their aesthetics, 
to anchor the interaction with digital data and the computer-
mediated communication to the real world. Because their 
purpose is to make the interaction tangible and situated we 
refer to the body of literature on tangible interaction as the 
most suitable analytic lens to unpack the complexities of 
designing IoT objects for individuation. We acknowledge, 
however, that this is not the only possible approach.  
Tangible and embodied interaction is rooted historically in 
the works of Ishii and Ulmer on tangible interfaces [28]. 
Tangible interfaces allow the user to manipulate objects in 
the physical world, thereby also changing information in 
the digital world. Graspable interfaces [19] are tangibles 
that express in more detail the nature of the physical 
manipulation with the hand. 
While objects are often manipulated with the hand, they are 
experienced by the entire body.  Embodied interaction [17] 
centres on the role of the body and bodily interaction in 
human understanding. For human sense-making, the body 
is central in technology design [15]. To make sense of the 
world, the body is the structure between the social and 
physical environment and the brain [15]. Each person’s 
body is unique and different, as is the environment in which 
the body functions, thus there is value in understanding 
social activities in the real world in order to enhance the 
overall experience in using a designed artefact [26].  
A canonical framework that encompasses many aspects of 
tangible and social interaction that is meant to guide in 
investigation, reflection, support and organisation of ideas 
on tangible interaction is that of Hornecker and Buur [27]. 
  
Their Tangible Interaction Framework focuses on the 
importance of the social aspects of interaction explained in 
four themes with underlying concepts in each theme: (1) 
Tangible Manipulation refers to the actual physical object 
or material that is directly manipulated through bodily 
interaction, (2) Spatial Interaction is the movement in space 
in order to interact with the object embedded in real space, 
(3) Embodied Facilitation signifies the structure and 
arrangements (allows or prohibits actions) around the 
objects and space and how it directly affects behaviour, and 
(4) Expressive Representation captures the emulated digital 
representation of the tangible and its quality 
(expressiveness, legibility).  The themes present different 
perspectives on understanding the social user experience 
and the interweaving of the physical and the social [27].  
Hornecker and Buur's [27] Tangible Interaction framework 
offers an analysis vantage point to understand collaboration 
supported by the IoT, and we will adopt it to unpack the 
aspects of tangibility, spatial interaction, embodiment and 
expressive representation of the three case studies in the 
following sections. We also extend upon it to capture 
aspects of tangible interaction with individuated technology 
that occur over a sustained period in domestic settings. 
CASE STUDIES OF AUGMENTED EVERYDAY OBJECTS 
We illustrate the idea of technology individuation through 
three case studies of augmented everyday objects; two from 
the literature and one from a longitudinal on-going study. 
We selected these cases because they offer different ways 
to reflect on tangibility, spatial interaction, embodiment and 
expressive representation in a home setting. 
The first case is Brown et als Whereabouts Clock [8]. It is a 
situated alternative to ubiquitous mobile devices, a mantle-
clock like device that visualises the real-time location of 
family members based on their mobile phone location. 
When a family member moves location, the Clock chimes. 
They may also send short messages to the Clock. 
The second case study is the emergency pendant: an alarm 
system in a form of pendant and terminal device connected 
to the home telephone line.  This system lets independently 
living older adults send an emergency alarm signal by 
pressing the button in their pendant or the button in the 
terminal. Gómez [23] discussed the ‘little arrangements’ 
that people made in the way they “use” this wearable device 
in relation to their character, beliefs and outlook in life. 
The last case is the Messaging Kettle [7,52] presented by 
Brereton and colleagues, an ambient device designed to 
connect two distant persons over the routine of boiling the 
kettle to make tea. The Messaging Kettle augments the 
users’ existing kettle through a Kettle Mate, that senses the 
kettle temperature and a Smart Tea Box, that embeds 
messaging and networking. They come in connected pairs 
of two Kettle Mates and two Tea Boxes. When one kettle is 
hot, the remote Kettle Mate glows, and hand-written 
messages can be exchanged through the smart Tea Boxes. 
Each case study offers an interesting vantage point to 
explore tangible interaction for communication in the home 
over a period of weeks to years. The Whereabouts Clock 
[8] involved five households with 26 participants in total 
and ran for one to two months. The interviews and 
observations of the use of the emergency pendants involved 
five users of telecare systems, spanning over a period of 1 
to 3 years [23]. The Messaging Kettle study is still ongoing; 
and has been running for almost two years [7,52]. 
The case studies suggest relationships between use and 
identity that can only in part be understood in terms of the 
arrangements that occur after design, such as appropriation 
[9], design after design [18], and technology habituation 
[53]. These frameworks capture design in use and to some 
extent the emotional value of particular technologies, but do 
not fully explain how technology comes to reflect, and 
reshape in turn, the self-identity of individual users. 
At the same time, the case studies offer in different ways 
material for reflection on tangible and embodied 
interaction, when considering the specificity of home 
settings, and a longer timeframe. The Whereabouts Clock is 
a calm ambient device, situated in a place that is easy to 
see, that depicts broadly where family members are; the 
pendant is designed to be worn at all times and somehow 
become an extension of the body to be effective; the 
Messaging Kettle occupies physical space in the kitchen, 
involves many different tangible manipulations, and comes 
to represent a distant loved one. 
Case 1: The Whereabouts Clock: not one universal but 
many unique interpretations of the same technology. 
The Whereabouts Clock [8], is a mantelpiece clock-like 
device that depicts each family members’ current location 
(based on their smartphone GPS position). Each family 
member initially registers different locations in their 
smartphone to refer to home, work or school (the Clock’s 
regions). The Clock’s interface displays in which region 
each family member is currently located. When a family 
member is in an unregistered location, their icon displays in 
the middle region of the Clock indicating the family 
member is “somewhere else”. When a family member’s 
phone GPS location changes, their icon location updates as 
it floats from one region to the next, also indicated by a 
chime sound. Users can also address messages to the clock, 
that everyone will be able to read on the main clock 
interface. The designers purposely made the regions generic 
so as to preserve privacy.  
The Clock [8] was installed in the homes of five families 
who have four to six members; Brown and colleagues gave 
a detailed account of specific usages, for example one user, 
a wife, sees the movement of her husband’s icon around six 
in the evening as an indication that he is on his way home 
and that it is a good time to prepare his tea. Another user, a 
father, looks at the Clock [8] as a form of reassurance that 
everyone is in the right place when he gets home in the 
evening. Even when their daughter lives far away, and she 
  
 
Figure 2. An artist’s impression of (a) one family’s use of the Whereabouts Clock, (b) emergency care pendant worn as a 
brooch, (c) hung up in a crucifix and (d) added clothes peg as part of the telecare system use. 
 is in the location where she registered as “home”, the icons 
huddled together in the same Clock region gave the feeling 
of reassurance and togetherness. When he sees the icons are 
in their proper region in that specific time, he is assured that 
all is all right. 
Users of the Clock find different intended (e.g. 
coordination) and unintended (e.g. reassurance) purposes 
for it. Family members also found creative ways to make 
the clock present information in a way that is convenient, 
for example peculiarly registering locations to specific 
Clock regions. A daughter registered her parents’ house and 
her boyfriend’s house as “home” and the train station where 
she picks her boyfriend up as “school”. The retired mother 
registered walking the dog as “school” and gardening in the 
house or in their far garden lot as “work”. The retired father 
regularly registered and re-registered his location from 
“work” to “home” as he switched his home activity from 
being on the computer to watching TV. The authors believe 
that this is a way for them to assert their social position in 
the family by broadcasting their identity [8]. 
This study showed how five families used the Whereabouts 
Clock and what the clock meant to each family and its 
members (see Figure 2). “Reading” the Clock is unique to 
each family and its members. 
Case 2: The Emergency Care Pendant: I am what I wear 
(therefore I will not wear that!) 
The emergency care pendant is part of a telecare system 
that enables social and health services supporting older 
adults who live independently in their own home. In case of 
an emergency, the user presses the button of the pendant or 
the one in the terminal device connected to the home 
telephone line. A telephone operator will answer to assess 
and respond to the alarm raised. Users in a more critical 
state are required to push the button of the terminal once 
every 24 hours to reset the alarm, otherwise an alarm will 
be automatically raised. 
Gómez [23] analysed the “little arrangements that matter” 
to older people to shed light on the many unique ways that 
they used a personal emergency care pendant. Rather than 
simply wear the pendant around their neck, which many 
found cumbersome and intrusive, older people devised a 
variety of different ways of placing the pendant in different 
parts of their home at different times. How they placed the 
pendant reflected their many different attitudes towards 
death, monitoring, and their perceived likelihood of needing 
emergency care during particular activities. Gómez argued 
that this is the case with all services and technologies. They 
must be arranged, which “implies something more than 
simply placing them in the home”. 
For example, an older adult accepting mortality placed the 
pendant in the crucifix on her bedside table. Peculiar, it may 
seem, but this reminded her of her mortality at the same 
time as not having the idea consume her.  Reflecting her 
faith and belief in a higher being, it gave her comfort. 
Similarly one 82-year-old pendant owner hung up her 
pendant in the kitchen even though in so doing, the 
pendant’s purpose was defeated. In this particular case, she 
believed that she was okay, healthy with no serious medical 
concern, and that she didn’t need it at the moment. She 
hangs up the pendant for future use saying that the pendant 
is only for the old and frail. 
Another older adult placed a clothes peg near the 
emergency system terminal to remind himself to push the 
button daily to alert the telecare system that he is well. By 
helping his memory, he is also asserting that he is well and 
able to retain his independence, enabling him to stay in his 
own home and avoid being institutionalised. Some older 
adults do wear the pendant but they sport it as a brooch or 
hide it under their top to avoid the stigma the pendant 
represents when worn as is.  
The study highlighted how users were able to adjust their 
use (or non-use) in the long run. All had different attitudes 
towards monitoring, mortality and achieving autonomous 
living (illustrated in Figure 2) which were reflected in how 
they personalised and arranged their use of the pendant.  
Case 3: The Messaging Kettle (It’s not just a glowing 
light, but it’s the presence of my mum.) 
The Messaging Kettle [7,52] augments an ordinary kettle 
with sensing and messaging capabilities to allow 
connection between geographically distant friends or loved 
ones while undertaking the simple routine of boiling water 
in the kettle. Two kettles in two distant homes are 
connected enabling each party to see when the other’s kettle 
is on and enabling casual communication through scribble 
and voice messages.  
  
The Messaging Kettle, as seen in Figure 3, consists of two 
interoperating devices: a Kettle Mate senses the state of use 
of the real kettle by measuring the temperature at its spout, 
and acts as a calm situated display that gently glows when 
the remote kettle is in use; additionally, a Tea Box with 
screen, stylus (and a draw full of tea bags) supports 
handwritten messages and sketches. Voice messages can be 
recorded and played through a microphone and speaker. 
The design was inspired by a contextual enquiry with an 
older person in their home which sought to understand 
which objects were favourites, were commonly used and 
the daily routines that they served [6]. 
 
Figure 3. The Messaging Kettle in use. Left: The Kettle Mate 
exhibits a gently dynamic lava lamp like glow to signify that 
the kettle at the other person’s home is currently boiling. A 
hand-written message has been left on the Tea Box. Right: 
Late night kettle mate glow. 
Importantly, objects were arranged around the house to be 
at hand where they were often used. Of particular note, the 
participant kept a kettle in her bedroom “so she can make 
her morning cups of tea in bed and listen to the radio 
without coming downstairs to the kitchen” [5, p.22]. The 
Messaging Kettle was then conceived to take advantage of 
spatial interaction strategies already in use in the elderly 
person’s home, attaching communication capabilities to 
existing objects that are already part of established routines. 
A longitudinal study of the everyday use of the Messaging 
Kettle is currently being conducted. Two installations have 
been deployed so far: one trial running for almost two years 
is with an older adult in her late 80s and her adult child who 
lives in another country, several time zones apart. A second 
installation connects the kettles of one older adult in her 
early 80s with her adult child who lives two hours drive 
away in the same time zone. This trial has run for three 
months.  
Both older adults are active, live independently and have a 
busy social life. Their adult working daughters hoped for a 
connection other than what can be offered by phones or 
social media applications. The Messaging Kettle provided 
the means to have an exclusive and intimate connection 
between the older adult and the adult child. 
In both cases we are paying particular attention to two main 
aspects of the interaction dynamics. First, how is the 
Messaging Kettle received within the habits and routines of 
the older user? If the overall goal of augmenting a 
habituated object (the existing kettle) is to leverage the old 
person’s attachment to the routines and rituals that are made 
possible by that object, how is this process taking place (if 
at all)? What can we learn from the process of place making 
that necessarily accompanies the introduction of a new 
device into an already smooth and established routine? The 
kitchen of all places in the home is often cluttered with 
objects, appliances, tools and crockery. Space is at 
premium, as are power sockets. We found that the new 
object took some time to be actively accommodated. The 
adult child of the second family recollects that “at first she 
[her mother] had the [Messaging] kettle on one side and 
the [Tea] Box next to it, but it was taking up a lot of room”. 
Similarly, the older adult of the first family asked to put the 
Tea Box up on the wall, so it did not take up counter space 
(see Figure 4) and together with her adult child, they made 
a hole in the back. Taking ownership of the placement, she 
had in mind a particular kind of hook that would be good to 
hold it and went to the hardware store to get one.  
Second, how is the interaction shaped by the aesthetic 
qualities of the design? Interestingly, several entries in the 
participants’ diary related to aesthetics of the interaction. 
The gentle glowing of the Messaging Kettle (Figure 3) was 
characterized as “lovely - so much more lava lamp than 
smoke alarm - it is both exciting and calming”. A clue as 
simple as the Kettle Mate glowing was received as a hint of 
virtual presence when “Sometimes, in the middle of the 
night, I walk into the kitchen and see the glow of  Mum’s 
boiling kettle in the dark. It is a lovely night time surprise. 
The rest of the family is in bed and it is very quiet but I can 
see my Mum is around. I think about what time it is there 
and what she might be boiling her kettle for.”  
Finally, how does the particularity of the concrete object 
that needs to be accommodated in the users’ home both 
constrain but also create possibilities for interaction? In 
both trials, we found the kettle is no longer just an object 
used for boiling water. It now represents the loved one from 
far away making tea. The thought goes to the other person, 
and the eye glances at the display looking for messages. 
Figure 4. Top: One of the participants got a new kettle, but she 
still uses the Kettle Mate with the new one. Bottom: Plugs in 
the older person’s home that she has modified with labels and 
arranged to support her ease of use. 
  
INDIVIDUATION AND TANGIBLE EMBODIED 
INTERACTION 
In this section we aim to show how an augmented tangible 
object supports meaning within relationships over time 
through everyday practices. To this end we draw upon 
Hornecker and Buur’s Tangible Interaction Framework 
[27]. This framework draws together a number of streams 
of work that focus on tangible interfaces and articulate their 
relations to social and embodied aspects of interaction. 
However, Hornecker and Buur’s framework focuses on 
how tangible interfaces invite and support collaboration. Its 
case studies all draw upon collaboration that took place in 
the form of public installations, exhibitions and 
collaborative design. 
We extend upon this work by emphasising the importance 
of routines, identity and arrangements that lead to 
individuation of the technology when the interaction is 
sustained in continued use and the experience is lived in the 
home setting (illustrated in Figure 5).  
 
Figure 5. Tangible interaction with Individuation 
Our focus is then more on exploring tangible interaction in 
personal living and intimate communication, and less on 
examining collaboration and group activities. 
Tangible Everyday Object Use 
In Hornecker and Buur’s Tangible Interaction Framework, 
the dimension of Tangible Manipulation is the physical 
interaction of the user with the tangible system that then in 
some way also controls computational resources [27]. 
Technologies that make use of existing household objects 
can utilise natural interactions in the home with those 
objects, without the need to explicitly indicate activity in 
some other way. For example, simply boiling the kettle 
indicates activity, with the Kettle Mate detecting the boiling 
and sending the signal to effect a comforting glowing light 
at the other end. The Kettle Mate can also simply be turned 
away, if there is a desire that its eye (temperature sensor) 
will not see the kettle boiling. Similarly, the Whereabouts 
clock which found its place in the kitchen or living area is 
checked from time to time for information like a regular 
clock. The shape and size of the emergency pendant make it 
suitable to be disguised under one’s clothes or to be worn as 
a brooch. Utilising manipulation of existing objects for 
communication, and by making it simple to also not 
communicate, for example, by turning an object away is an 
example of a lightweight, legible tangible approach, that 
might be adopted in designing for the IoT.  
Spatial Interaction Rearranged and Extended 
Spatial Interaction refers to the understanding that a 
tangible interface takes up real space, is situated in place 
and the user needs to move around in that space to interact 
with it [27]. In personal communication through IoT objects 
such as a messaging kettle, it is important that people can 
use and arrange those objects to fit into their own places 
and routines. Further we have found that the Messaging 
Kettle changes the nature of the space and place. The 
kitchen becomes the place one sees the activity and 
messages of the connected loved one. It invites a glance 
toward the Tea Box to see if a new message lies there, and a 
glowing Kettle Mate light gently shows you that far away 
the ones that you care about are in their kitchen too, 
extending one’s imagination to a faraway place. As for the 
emergency alarm pendant [23], one user added an element 
in his routine to remind him to use the system – a clothes 
peg. The clothes peg is now a staple on his bedside table to 
remind him to push the button indicating he is well. 
Likewise the Whereabouts Clock chime sound prompted 
those who are present in the house to check who changed 
location. This has the effect of making and extending 
routines to new spaces, where they would otherwise not 
exist or exist in a different form. Every new piece of 
technology needs to have its place made in the home, 
within the many other existing objects, tools and routines. 
Intuitive and Restricted Embodied Facilitation 
Embodied Facilitation describes how the physical structure 
of tangibles shapes the emerging social configurations 
around them. This theme has clear implications for how 
tangibles support collaboration in collocated space. For IoT 
tools and applications to find their way into the homes of 
people, they must fit within the constraints of space, people, 
skills, and routines in order to extend and augment these 
routines. Their placement, (on shelf, wall, or mantelpiece 
etc) determines who sees and uses them.  
A Messaging Kettle will facilitate messaging over tea or 
while cooking, and the glowing presence of the Kettle Mate 
is experienced by anyone within view, thus being shared by 
kitchen occupants, changing the nature of interaction in the 
kitchen. When a message is received or the Kettle Mate is 
glowing, there is a certainty that the other person is, or has 
recently been, physically present at the remote end. 
Facilitating interaction in a place such as the kitchen both 
enriches the experience of the kitchen and restricts the 
experience to the kitchen, such that the kitchen takes on a 
more personal meaning. 
Similarly, in the case of the Whereabouts Clock, the 
designers could have easily implemented the clock interface 
as a mobile application but they opted instead to give the 
clock a tangible form, exploring what routines and 
behaviour would emerge by making information available 
in a situated manner at a particular place. Seeing the 
activities of other family members on the clock gave a 
sense of togetherness and reassurance, to the point that one 
father used to glance at the clock often to check that 
everything is okay. At the same time, to keep an eye on the 
  
clock one needed to be home in the first place. Aspects of 
embodied facilitation and limited information contributed to 
avoiding the device being received as an intrusive 
monitoring system.  
The emergency pendant provided a sense of reassurance 
when its users saw it hanging somewhere close at hand, 
indicating that help is within reach. Different users decided 
upon different locations to place the pendant, reflecting 
their ideas of when and where they are more likely to be in 
need of help, and based on individual judgements about 
their own routines and physical condition.   
The tangibles in our case studies shaped the emerging 
social configurations around them, both enriching and 
further specifying the nature of embodied interaction. They 
also increased the personal meaning invested in objects and 
places.  
Subtle Expressive Representation 
Expressive Representation refers to the expressiveness and 
legibility of the material and digital representation used by 
the tangible interaction [27]. Users of the Messaging Kettle 
found the subtle glowing light indicating the other kettle is 
boiling to be an unobtrusive and yet enchanting 
representation of the boiling pot on the other end. 
Whereabouts Clock users were amused by the chime sound 
and the transfer of the floating family member icon from 
one region of the clock to the next (e.g. from home to 
school). While Hornecker and Buur recommend bringing 
the tangible aspect of the interaction to the foreground, so 
that the system is immediately legible and there is a 
perceived coupling between actions and reactions, we found 
that subtle representations are valued, and that people value 
the opportunity to personalise and individuate meanings. 
Some IoT objects speak through their “silence”. For 
example, the Whereabouts Clock tells more than just the 
location, just as the emergency pendant represents more 
than help and the Kettle glow more than boiling water. The 
added meanings, contributed by the users themselves, are 
personal, encouraged but not provided by design. 
The individuated characteristics developed over time by 
these augmented everyday objects - the foibles that are only 
understood by its users - are important aspects of tangible 
and situated interaction. In our extension of Hornecker and 
Buur’s Framework we now consider object use within 
routines and arrangements. Here we make a case for the 
importance of the personal values and history of use of an 
object, and the ability to appropriate it, arrange it with other 
objects, and communicate through it with particular people, 
which over time make it unique and individuated. 
DISCUSSION: TANGIBLES WITHIN ROUTINES AND 
ARRANGEMENTS  
Each physical object is unique, being physical matter that 
occupies a physical place and wears over time with use. 
Through augmentation with messaging and communication 
capabilities, objects can be enabled to support 
communication within a particular relationship, imbuing the 
object with further meaning.  The augmented functionality 
may be separable from the object, as it is in the case of the 
Kettle Mate and kettle; one older user was quite happy 
when she replaced her old kettle with a new one, not being 
attached to the kettle itself but rather to the tea making 
routine. The routine takes on an added dimension when 
enhanced with communication capability. However, 
attachment to a particular object may develop through using 
it over time and through memories invested in its use. 
Vaisutis et al [58] found memories vested in objects such as 
a car in the driveway that an older adult was no longer able 
to drive and a shoehorn that went on a trip around the 
continent and was used by children in swordfights.  
Nansen et al [41] describe the process of reciprocal 
habituation through which people get used to technologies 
and technologies are adapted to people. Theories of socio-
material relations have also demonstrated how social 
relations and objects are mutually constituted. Latour [34] 
discusses how you are different with a gun in your hand and 
how the gun is different with you holding it [55].  
We use tools, collect objects, inhabit homes, wear clothes, 
and by doing so we adapt these objects to suit our needs, 
routines and values. In turn, objects, homes and clothes 
determine the reach and limits of our agency, our 
appearance, and ultimately contribute to define who we are 
and what we can achieve. We thus highlight the importance 
of the way that we make places for objects in our lives and 
the way that they contribute to forming our habits, 
supporting our agency and representing our values.  
The case studies illustrated these aspects. Some users of the 
emergency care pendant [23] placed it in different parts of 
their home at different times reflecting their attitudes 
towards death, monitoring, and emergency care need. Users 
of the Messaging Kettles carefully considered where they 
would place their kettle mates: one of them had two kettles, 
one in the upstairs bedroom, for a morning cup of tea before 
getting out of bed, plus one in the kitchen. She decided to 
have the messaging kettle in the kitchen, but then needed to 
decide where exactly to place it and where to find power 
sockets for it. She later decided she might hang the Tea Box 
on the wall, so it was easy to see and did not take up 
counter space.  When asked if she might place it near the 
sockets where several jugs were hanging, by moving the 
jugs elsewhere, she insisted that she needed each jug in that 
handy spot as each one was just the right size for a different 
kind of sauce, gravy, custard or milk for tea. Careful 
consideration of the power socket arrangement was also 
evident in little labels placed on each plug, so it was easy to 
identify to which appliance it belonged. The arrangements 
of all of the objects in the kitchen had been carefully 
considered and emerged over time. Each one had a story.  
As Gómez [23] argued, services and technologies to be 
embedded in the home should be designed to support such 
arrangements.  The very placing of the emergency care 
  
pendant to suit one’s philosophies and activities, or the 
arranging of plugs and jugs, are enabling resources for 
action. They are taken for-granted aspects of people’s 
autonomy. Yet it is this “inalienable undertaking of caring 
for these arrangements which configures our autonomous, 
yet ageing lives” [23] p91. As Gómez identifies, autonomy 
enabling innovations are those that allow people to care for 
their arrangements.  
These arrangements over time will take in the novel 
technology and its uses, eventually endowing it with unique 
and personal value. This process shapes the technology to 
reflect one’s self-identity and, symmetrically, shapes one’s 
self-identity in response to the technology used. 
Technology Arrangements as Personal and Intimate 
The first reflection on technology individuation is that 
technology becomes personal and unique. In the case of the 
Messaging Kettle, the augmented kettle possessed 
straightforward and simple aesthetics that evoked memories 
and gave special meaning to its users.  The penmanship, the 
glow of the light, the fact that the exchanges are 
handwritten, the short voice messages and the ambient 
glowing light became special [47]. The exchanges are 
personal in that they evoked fond memories of the past. 
One Messaging Kettle participant, the adult child of the first 
trial, said, “When I see her handwriting, it reminds me of 
the handwriting I now rarely see on the occasional printed 
birthday card or in the letters she used to write. But it is 
unmistakably written by her hand.” The interaction through 
the kettle is dedicated and personalised making it unique 
and intimate [24]: “[It does not] feel like I have to open a 
computer and deal with emails from everywhere else. 
Likewise using the Whereabouts Clock, even though 
location names were fixed in the technology design, the 
family artfully differentiated their own Clock from the ones 
in use at other families. The location was individuated by 
each family and its members: it didn’t just represent the 
place, but it represented the family’s activity, where “work” 
doesn’t necessarily mean ‘office’ but the activity that a 
specific family member identifies. The examples of one 
mother setting her location to “school” when she was 
walking the dog, and the retired parents setting their 
location to “work” while gardening show that location 
labels are individuated to represent the rhythm of the 
family’s routine and to give reassurance and connectedness. 
Similarly, one user of the emergency alarm system adopted 
a clothes peg as a reminder that it was time to activate the 
reset button on the transmitter, therefore implementing a 
very specific and unique solution to his own problem of 
remembering this daily routine.  
The examples concur to illustrate that some modifications 
that are developed over time, however small or mundane, 
are deeply rooted in the personal rituals and unique home 
settings, which in turn define who we are. By extension, 
such modifications cannot be transferred from one person to 
another, but need to be orchestrated on a case by case basis. 
Unique Purpose and Orchestration in Place 
Individuation also captures the idea that over time some 
technology may be engendered with particular meaning that 
makes it particularly useful for a unique purpose, 
sometimes different from its intended design.  
In the case of the Kettle, its initial use is connected to a 
habit of making tea, already rooted in the user’s routines 
[18,56]. The additional layer of interaction in the 
Messaging Kettle providing additional opportunities for 
communication, connection and emotional attachment, 
endowing the technology and its content with more 
meaning and special value. For Messaging Kettle and 
Whereabouts Clock users, the object is no longer just an 
everyday object but a connection to loved ones and a 
feeling of togetherness. How this connection is enacted and 
felt is unique in each case. As the emergency alarm pendant 
illustrated, it is not just a button to push when needing care 
but a symbol of mortality for one, a feeling of reassurance 
for another or a representation of one’s identity. One 
pendant owner, feeling strong and healthy, felt no need to 
wear it at all; others fearing the loss of independence that 
may result from not using it, found ways to work around the 
issues it presented with (brooch, clothes peg, etc.).  Their 
actions toward the technology is a reflection of their values 
and feelings [36]. Analogously, in the case of the 
Whereabouts Clock, people used the clock to express their 
social position in the family, for example, the retired 
mother registered home gardening as “work” and being in 
the house as “home”. Parental identity was established by 
registering “work” on different activities.  
Orchestration refers to how people arrange and rearrange 
their physical environment in order to use technology and 
how they adjust their social dynamics to accommodate that 
usage. Technologies become enmeshed to a specific place 
of habitual use [6]. In order to accommodate the Messaging 
Kettle in a small kitchen, a place had to be made which 
involved allocating countertop space, finding sockets for for 
the Kettle Mate and the Tea Box, rearranging already-
placed objects and adopting new practices (reading and 
sending messages during tea time).  
All case studies revealed the importance of the 
arrangements made by the users reflecting their identity and 
autonomy. Each family member using the whereabouts 
clock could read where other members were, based on the 
conventions that they created. While the Messaging Kettle 
is associated to a particular person, the aesthetics of the 
gentle, warm, ambient glow are important in presenting the 
activity of the remote person, “I now associate The Kettle 
to my mum.  When I go to the kitchen, there’s fondness 
when I see the kettle mate glow… When I see it I imagine 
her in her house in the UK. I know just what her kitchen 
looks like and I imagine her there.” 
The uniqueness of purpose, situated aesthetics and  
placement of the technology in the constellation of other 
tools, objects and appliances, emerge over the pure 
  
instrumentality of the Kettle, Clock and pendant. The 
particularities of the context of use [47] support the evoked 
reflection and meaning [24,54] that is distinct for each user. 
Need for Sustained use 
One aspect that emerged from all case studies is that part of 
the value attributed to technology arises from the effort 
invested over time to learn, adapt, and personalize it. This is 
somewhat at odds with principles of unobtrusiveness and 
intuitiveness that guide ubicomp and tangible design. 
One of the Messaging Kettle users asserted that the reason 
that the use of the messaging kettle has endured for almost 
two years is because the Messaging Kettle and TeaBox 
constantly reminds them of each other and reminds them to 
communicate, while making it very easy to do so.  The 
everyday kettle boiling which prompts the Kettle Mate of 
the other to glow, in turn reminds them of each other. The 
last message, visible in the kitchen, prompts each to want to 
change it by leaving a new one. These subtle reminders [60] 
lead them to continually leave an audio message or scribble 
a simple note to each other. The simple routine of making 
tea and each other’s motivation to stay connected has 
sustained their use of the Messaging Kettle and 
strengthened the bond to the distant one. This enduring use 
characteristic of the Messaging Kettle reflects the call for 
durable, long lasting systems [61] sustainable design [54].  
The Whereabouts Clock involved the active participation of 
all family members to not forget their phones or lose battery 
power to sustain “virtual togetherness” [8]. The participants 
showed positive effort in sustaining use, with two families 
deciding to continue use beyond the trial. 
With the emergency alarm pendant there was conscious 
effort needed to use the system, and participants came up 
with clever ways to remind themselves to use it, or placed it 
where they thought it would most likely be needed in case 
of an emergency. However, this device,  and others like it 
for personal monitoring, has several shortcomings: the 
device is only really useful in an emergency, which will 
take place at an unknown time, however its placement has 
to be attended to all of the time. It is stigmatising as its 
users are implied to be at risk. However it serves well to 
highlight issues in relation to arrangements, and personal 
values.  
The routines, arrangements and connections in and around 
technologies that do foster continued usage (Messaging 
Kettle and Whereabouts Clock), and the conscious and 
active efforts made by users are what endows technology 
with its added value, and what contributes to the sense of 
‘togetherness’ afforded by communication devices, and 
peace of mind afforded by the emergency care pendant. 
CONCLUSION 
Personal objects shape our lives just as we shape, adapt and 
customize those objects. Over time they may come to 
reflect our identity and social relations. They affect our 
agency, empowering (or disempowering) us and others see 
them as a part of us.  We articulate this concept in terms of 
technology individuation which emphasises the personal 
lived experience of technology beyond adoption, 
appropriation and habituation. It highlights identity, 
ownership, situatedness, arrangements and uniqueness.  
We examined three longitudinal studies of technologies in 
domestic settings, the Messaging Kettle [7], the 
Whereabouts Clock [8] and the arrangements around an 
emergency alarm pendant [23]. Drawing from these three 
cases of everyday objects augmented with communication, 
monitoring or awareness capability, we show that 
technology individuation develops through continuous 
usage, shaped by the experience with the technology [36].   
We framed our analysis using Hornecker and Buur’s 
Tangible Interaction Framework and extended it to  
encapsulate the experience and shaping of tangible and 
situated technologies in lived routines and arrangements in 
domestic settings over the longer term. Our analysis 
revealed that over time through lived history, routines, and 
personal values, individuated technology becomes:  
(i) personal, intimate  and unique in purpose -  people 
develop their own personal ways of reading meanings in the 
technology, and they use and shape it such that it becomes 
part of their identity and over time engenders unique 
purpose, in the eyes of its user;  
(ii) orchestrated - people orchestrate the placement and use 
of technology putting effort into its arrangement in the 
context of other devices and relationships, which is 
important in ensuring their own agency and autonomy;  
(iii) sustained in use - technology is used when it provides 
value but its use needs sustaining through its owners efforts, 
which includes controlling their participation, data, content 
sharing and identity. People then eventually come to rely on 
the technology to sustain their connection with others. 
In designing for the Internet of Things, little attention has 
been paid to how things, augmented with communication 
and data sensing capabilities, will be used in social settings 
and particularly in domestic settings. Our analysis revealed 
that for augmented everyday objects, the nuances and 
intricacies of sustained social interaction and agency are 
important factors in tangible interaction design.  
Individuation is a critical vantage point in design, because it 
examines and articulates how people will convey personal 
and intimate data through things, how their uses will be 
unique to their situations, the effort taken to orchestrate 
technology in place, to sustain its use, and to maintain 
agency and autonomy. 
ACKNOWLEDGMENTS 
We thank the reviewers, Yvonne Rogers for the helpful 
discussion and the Australian Research Council for grant 
DP150104001: ‘Make and Connect: Enabling People to 
Connect through their Things’. 
  
REFERENCES 
1. Kevin Ashton. 2009. That “internet of things” 
thing. RFiD Journal 22, 7: 97–114. 
2. Luigi Atzori, Antonio Iera, and Giacomo Morabito. 
2010. The Internet of Things: A survey. Computer 
Networks 54, 15: 2787–2805. 
http://doi.org/10.1016/j.comnet.2010.05.010 
3. Hanif Baharin and Salman Khalidi. 2015. Fyro: A 
Symbolic-Based Phatic Technology. Proceedings of 
the Annual Meeting of the Australian Special 
Interest Group for Computer Human Interaction, 
ACM, 304–308. 
http://doi.org/10.1145/2838739.2838795 
4. Hanif Baharin, Universiti Teknologi, Mara Stephen 
Viller, and Sean Rintel. 2015. SonicAIR: 
Supporting Independent Living with Reciprocal 
Ambient Audio Awareness. ACM Trans. Comput.-
Hum. Interact. Article 22, 23. 
http://doi.org/10.1145/2754165 
5. Jeremy Birnholtz and Mckenzie Jones-rounds. 
2010. Independence and Interaction : 
Understanding Seniors ’ Privacy and Awareness 
Needs For Aging in Place. 143–152. 
6. Margot Brereton. 2013. Habituated Objects: 
Everyday Tangibles That Foster the Independent 
Living of an Elderly Woman. Interactions 20, 4: 
20–24. 
http://doi.org/http://dx.doi.org/10.1145/2486227.24
86233 
7. Margot Brereton, Alessandro Soro, Kate Vaisutis, 
and Paul Roe. 2015. The Messaging Kettle: 
Prototyping Connection over a Distance Between 
Adult Children and Older Parents. Proceedings of 
the 33rd Annual ACM Conference on Human 
Factors in Computing Systems, ACM, 713–716. 
http://doi.org/10.1145/2702123.2702462 
8. Barry Brown, Alex S. Taylor, Shahram Izadi, 
Abigail Sellen, Joseph Kaye, and Rachel Eardley. 
2007. Locating Family Values: A Field Trial of the 
Whereabouts Clock. Proceedings of the 9th 
International Conference on Ubiquitous Computing 
(UbiComp’07) 4717: 354–371. 
http://doi.org/10.1007/978-3-540-74853-3 
9. Jennie Carroll. 2004. Completing Design in Use : 
Closing the Appropriation Cycle. European 
Conference of Information Systems, January 2004, 
11. 
10. Jonathan Chapman. 2009. Design for (emotional) 
durability. Design Issues 25, 4: 29–35. 
http://doi.org/10.1162/desi.2009.25.4.29 
11. Hyemin Chung, Chia-Hsun Jackie Lee, and Ted 
Selker. 2006. Lover’s Cups: Drinking Interfaces As 
New Communication Channels. CHI ’06 Extended 
Abstracts on Human Factors in Computing 
Systems, ACM, 375–380. 
http://doi.org/10.1145/1125451.1125532 
12. N. Cila, Elisa Giaccardi, Melissa Caldwell, N. 
Rubens, and F. Tynan-O’Mahony. 2015. Listening 
To an Everyday Kettle : How Can the Data Objects 
Collect Be Useful for Design Research? 
Proceedings of the 4th Participatory Innovation 
Conference, 500–506. 
13. Allan Costall and O. Dreir. 2006. Doing Things 
with Things: The Design and Use of Everyday 
Objects. Ashgate Publishing, Aldershot. 
14. M Csikszentmihalyi. 1993. Why We Need 
Things.pdf. History from Things, 20–29. 
15. Jelle van Dijk, Remko van der Lugt, and Caroline 
Hummels. 2014. Beyond Distributed R 
epresentation : Embodied Cognition Design 
Supporting Socio - Sensorimotor Couplings. 8th 
International Conference on Tangible, Embedded 
and Embodied Interaction, 181–188. 
16. Alan Dix. 2007. Designing for Appropriation. 
Proceedings of the 21st BCS HCI Group 
Conference, 2–5. 
http://doi.org/10.1361/asmhba0003455 
17. Paul Dourish. 2004. Where the Action Is: The 
Foundations of Embodied Interaction. MIT Press. 
18. Pelle Ehn. 2008. Participation in Design Things. 
Proceedings of the Tenth Anniversary Conference 
on Participatory Design 2008, Indiana University, 
92–101. 
19. George W Fitzmaurice, Hiroshi Ishii, and William 
A S Buxton. 1995. Bricks: laying the foundations 
for graspable user interfaces. CHI ’95: Proceedings 
of the SIGCHI conference on Human factors in 
computing systems, ACM Press/Addison-Wesley 
Publishing Co., 442–449. 
http://doi.org/http://doi.acm.org/10.1145/223904.22
3964 
20. Elisa Giaccardi, Nazli Cila, Chris Speed, Melissa 
Caldwell, and Santa Cruz. 2016. Thing 
Ethnography : Doing Design Research with Non-
Humans. Dis 2016, 377–387. 
http://doi.org/10.1145/2901790.2901905 
21. Elisa Giaccardi, Chris Speed, Nazli Cila, and 
Melissa L Caldwell. 2016. Things as co-
ethnographers: Implications of a thing perspective 
for design and anthrolopogy. In Design 
Anthropological Futures, R.C. Smith et al. (ed.). 
235–248. 
22. Elisa Giaccardi, Chris Speed, and N. Rubens. 2014. 
Things Making Things: An Ethnography of the 
Impossible. Proceedings of the 1st International 
Research Network for Design Anthropology (online 
  
proceedings), 10–11. 
23. Daniel López Gómez. 2015. Little arrangements 
that matter . Rethinking autonomy-enabling 
innovations for later life. Technological 
Forecasting & Social Change 93: 91–101. 
http://doi.org/10.1016/j.techfore.2014.02.015 
24. Barbara Grosse-Hering, Jon Mason, Dzmitry 
Aliakseyeu, Conny Bakker, and Pieter Desmet. 
2013. Slow design for meaningful interactions. 
Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems - CHI ’13, 
November 2015: 3431. 
http://doi.org/10.1145/2470654.2466472 
25. Paul Hewer and Douglas Brownlie. 2007. Cultures 
of consumption of car aficionados . Aethetics and 
consumption communities. International Journal of 
Sociology and Social Policy 27, 3/4: 106–119. 
http://doi.org/10.1108/01443330710741057 
26. Michael S Horn. 2013. The Role of Cultural Forms 
in Tangible Interaction Design. International 
Conference on Tangible, Embedded and Embodied 
Interaction, 117–124. 
27. Eva Hornecker and Jacob Buur. 2006. Getting a 
Grip on Tangible Interaction : A Framework on 
Physical Space and Social Interaction. Computer 
Human Interaction. 
28. Hiroshi Ishii and Brygg Ullmer. 1997. Tangible 
bits: towards seamless interfaces between people, 
bits and atoms. CHI ’97: Proceedings of the 
SIGCHI conference on Human factors in computing 
systems, ACM, 234–241. 
http://doi.org/http://doi.acm.org/10.1145/258549.25
8715 
29. Hsin-liu Cindy Kao and Chris Schmandt. 2015. 
MugShots : A Mug Display for Front & Back Stage 
Social Interaction in the Workplace. Proceedings of 
the 9th International Conference on Tangible, 
Embedded, and Embodied Interaction - TEI ’15, 
57–60. http://doi.org/10.1145/2677199.2680557 
30. Jina Kim, Young-woo Park, and Tek-jin Nam. 
2015. BreathingFrame : An Inflatable Frame for 
Remote Breath Signal Sharing. Proceedings of the 
9th International Conference on Tangible, 
Embedded, and Embodied Interaction - TEI ’15, 
109–112. http://doi.org/10.1145/2677199.2680606 
31. Treffyn Lynch Koreshoff, Tuck Wah Leong, and 
Toni Robertson. 2013. Approaching a Human-
centred Internet of Things. Proceedings of the 25th 
Australian Computer-Human Interaction 
Conference: Augmentation, Application, 
Innovation, Collaboration, ACM, 363–366. 
http://doi.org/10.1145/2541016.2541093 
32. Treffyn Lynch Koreshoff, Toni Robertson, and 
Tuck Wah Leong. 2013. Internet of things: a review 
of literature and products. Proceedings of the 25th 
Australian Computer-Human Interaction 
Conference on Augmentation, Application, 
Innovation, Collaboration - OzCHI ’13: 335–344. 
http://doi.org/10.1145/2541016.2541048 
33. G Kortuem, F Kawsar, D Fitton, and V 
Sundramoorthy. 2010. Smart objects as building 
blocks for the internet of things. Internet 
Computing,  … 14, 1: 44–51. 
http://doi.org/10.1109/MIC.2009.143 
34. Bruno Latour. 1999. Pandora’s Hope: Essays on the 
Reality of Science Studies. Harvard University 
Press, 179. 
35. Youn-kyung Lim, Erik Stolterman, Heekyoung 
Jung, and Justin Donaldson. 2007. Interaction 
Gestalt and the Design of Aesthetic Interactions. 
Designing Pleasurable Products and Interfaces, 
August: 22–25. 
http://doi.org/10.1145/1314161.1314183 
36. John McCarthy and Peter Wright. 2004. The 
Threads of Experience. In Technology as 
Experience. 79–104. 
http://doi.org/10.1109/TPC.2005.859719 
37. Gratiane de Moustier. 2008. The Story of Odile. 
Gratiane de Moustier. Retrieved June 26, 2016 
from http://gratianedemoustier.com/stories/the-
story-of-odile/ 
38. Ruth Mugge, Jan P.L. Schoormans, and Hendrik 
N.J. Schifferstein. 2009. Emotional bonding with 
personalised products. Journal of Engineering 
Design 20, 5: 467–476. 
http://doi.org/10.1080/09544820802698550 
39. Elizabeth D. Mynatt, Jim Rowan, Annie Jacobs, 
and Sarah Craighill. 2001. Digital Family Portraits: 
Supporting Peace of Mind for Extended Family 
Members. Proceedings of the SIGCHI conference 
on Human factors in computing systems: 333–340. 
http://doi.org/10.1145/365024.365126 
40. Bjorn Nansen, Luke van Ryn, Frank Vetere, Toni 
Robertson, Margot Brereton, and Paul Douish. 
2014. An Internet of Social Things. Proceedings of 
the 26th Australian Computer-Human Interaction 
Conference on Designing Futures: The Future of 
Design, ACM, 87–96. 
http://doi.org/10.1145/2686612.2686624 
41. Bjorn Nansen, Frank Vetere, Toni Robertson, John 
Downs, Margot Brereton, and Jeannette Durick. 
2014. Reciprocal Habituation: A Study of Older 
People and the Kinect. ACM Transactions on 
Computer-Human Interaction 21, 3: 1–20. 
http://doi.org/10.1145/2617573 
42. M. Nevile, P. Haddington, T. Heinemann, and M. 
  
Rauniomaa. 2014. Interacting with objects: 
Language, materiality, and social activity. John 
Benjamins Publishing, Amsterdam. 
43. Wanda J. Orlikowski. 2007. Sociomaterial 
Practices: Exploring Technology at Work. 
Organization Studies 28: 1435–1448. 
44. Julian E. Orr. 1996. Talking about Machines: An 
Ethnography of a Modern Job. Cornell University 
Press, London. 
45. Marianne Graves Petersen, Ole Sejer Iversen, and 
Peter Gall Krogh. 2004. Aesthetic Interaction — A 
Pragmatist ’ s Aesthetics of Interactive Systems. 
Designing Interactive Systems ’04 Proceedings of 
the 5th conference on Designing interactive 
systems: processes, practices, methods, and 
techniques 1: 269–276. 
http://doi.org/10.1145/1013115.1013153 
46. Johan Redström. 2008. Tangled Interaction: On the 
Expressiveness of Tangled User Interfaces. ACM 
Transactions on Computer-Human Interaction 15, 
4: 1–17. http://doi.org/10.1145/1460355.1460358 
47. Johan Redström, Marianne Graves Petersen, 
Hallnäs Lar, and Jacob Robert J.K. 2008. 
Introduction to special issue on the aesthetics of 
interaction. ACM Transactions on Computer-
Human Interaction 15, 3: 1–5. 
http://doi.org/10.1145/1453152.1453153 
48. Karen Renaud and Judy Van Biljon. 2008. 
Predicting Technology Acceptance and Adoption 
by the Elderly : A Qualitative study. Saicsit 2008, 
210–219. http://doi.org/1456659.1456684 
49. Vincent van Rheden and Bart Hengeveld. 2016. 
Engagement Through Embodiment. Proceedings of 
the TEI ’16: Tenth International Conference on 
Tangible, Embedded, and Embodied Interaction, 
ACM Press, 349–356. 
http://doi.org/10.1145/2839462.2839498 
50. Kai Riemer and Robert Bruce Johnstone. 2012. 
Place-making: A Phenomenological Theory of 
Technology Appropriation. Proc. of 33rd 
International Conference on Information Systems, 
Association for Information Systems. 
51. Jim Rowan and Elizabeth D. Mynatt. 2005. Digital 
Family Portrait Field Trial: Support for Aging in 
Place. Proceedings of the SIGCHI conference on 
Human factors in computing systems, 521–530. 
http://doi.org/10.1145/1054972.1055044 
52. Alessandro Soro, Margot Brereton, and Paul Roe. 
2015. The Messaging Kettle: It’s IoTea Time. 
Proceedings of the 5th Decennial Aarhus 
Conference, 57–59. 
53. Alessandro Soro, Margot Brereton, and Paul Roe. 
2016. Towards an Analysis Framework of 
Technology Habituation by Older Users. 
Proceedings of the 2016 ACM Conference on 
Designing Interactive Systems, ACM, 1021–1033. 
http://doi.org/10.1145/2901790.2901806 
54. Carolyn F Strauss and Alastair Fuad-luke. 2008. 
The Slow Design Principles. Changing the Change. 
55. Lucy Suchman. 2007. Human-Machine 
Reconfiguration. Cambridge Universtiy Press, New 
York, NY, USA. 
http://doi.org/10.1017/CBO9781107415324.004 
56. Lucy Suchman and Brigitte Jordan. 1997. 
Computerization and Women’s Knowledge. In 
Reinventing technology, rediscovering community: 
Critical explorations of computing as a social 
practice. 97–105. 
57. B Ullmer and H Ishii. 2000. Emerging frameworks 
for tangible user interfaces. IBM Syst. J. 39, 3–4: 
915–931. 
http://doi.org/http://dx.doi.org/10.1147/sj.393.0915 
58. Kate Vaisutis, Margot Brereton, Toni Robertson, et 
al. 2014. Invisible Connections: Investigating Older 
People’s Emotions and Social Relations Around 
Objects. Proceedings of the SIGCHI Conference on 
Human Factors in Computing Systems, ACM, 
1937–1940. 
http://doi.org/10.1145/2556288.2557314 
59. Thomas Visser, Martijn H. Vastenburg, and David 
V. Keyson. 2011. Designing to support social 
connectedness: The case of snowglobe. 
International Journal of Design 5, 3: 129–142. 
60. Mark Weiser and John Seely Brown. 2001. The 
Coming Age of Calm Technology [ 1 ] Transition - 
the Internet and Distributed Computing. Distributed 
Computing. http://doi.org/10.1.1.129.2275 
61. Susan Wyche, Phoebe Sengers, and Rebecca E 
Grinter. 2006. Historical analysis: Using the past to 
design the future. Ubicomp: 35–51. 
62. Oren Zuckerman, Tamar Gal, Tal Keren-
Capelovitch, Tal Karsovsky, Ayelet Gal-Oz, and 
Patrice L Tamar Weiss. 2016. DataSpoon: 
Overcoming Design Challenges in Tangible and 
Embedded Assistive Technologies. Proceedings of 
the TEI ’16: Tenth International Conference on 
Tangible, Embedded, and Embodied Interaction, 
30–37. http://doi.org/10.1145/2839462.2839505 
 
